The social and genetic mating systems of species can differ. This discrepancy occurs in many birds; however, only 2 studies have examined this issue for shrews, and both were conducted on species that live in temperate regions. We provide the 1st spatial and genetic data to reveal the mating system of the Asian lesser whitetoothed shrew (Crocidura shantungensis) in a subtropical region. We tested the hypothesis that the mating system of shrews in the subfamily Crocidurinae is monogamous in subtropical or tropical regions with seasonal climate and resource availability. We used capture-mark-recapture methods to assess spatial organization of shrews during the reproductive season in 2006, and applied 8 microsatellite primers to perform parentage analyses and examine multiple paternity within litters. Males had larger home ranges than females, and the home ranges of resident females, but not males, overlapped with more opposite-sex than same-sex individuals. This spatial structure suggested a polygynous social mating system. Molecular analyses demonstrated that both females and males mated with multiple individuals, and the frequency of multiple paternity was 28%, which supported a promiscuous genetic mating system. Our results rejected the hypothesis that the mating system of C. shantungensis is monogamy in subtropical northern Taiwan.
Patterns of social association, including mating systems and social organizations, are functions of ecological factors such as resource distribution, risk of predation, and population density Macdonald et al. 1997; Nakamura 1995; Thomson 1992) . The spatial distribution and abundance of key resources influence the spacing behaviors of females, and the spacing behaviors of males reflect strategies for obtaining access to the maximum number of reproductive females (Emlen and Oring 1977; Komers and Brotherton 1997; Krebs and Davies 1993; Ostfeld 1985) . Generally, social monogamy is imposed on males by wide dispersion of females coupled with the synchrony of estrus (Ims 1988; Ostfeld 1990 ). However, it has become evident in recent years that social associations do not necessarily indicate exclusive mating relationships. The social and genetic mating systems of many species differ, particularly in birds (Reichard 2003; Westneat et al. 1990 ). Such distinctions in mating tactics have been directly assessed in relatively few mammalian species, including voles (Microtus ochrogaster [Getz et al. 1981] and M. pinetorum [Marfori et al. 1997] ), mice (Peromyscus californicus [Ribble 1991 [Ribble , 2003 and P. polionotus [Foltz 1981]) , and other mammalian taxa (Brotherton and Rhodes 1996; Goossens et al. 1998; Kitchen et al. 2006; Munshi-South 2007; Roemer et al. 2001; Sommer and Tichy 1999; Spencer et al. 1998) .
Life history of animals could influence the mating systems of animals as well (Emlen and Oring 1977; Reynolds 1996) . Indeed, progress toward a general understanding of mating systems has been limited in part because the effects of life history have yet to be explored fully (Stutchbury and Morton 2008) . Nevertheless, relationships between mating systems and life history have been proposed for shrews (Genoud 1985; Rychlik 1998) . The small body sizes of most shrews result in high mass-specific metabolic rates in general. However, the 2 shrew subfamilies Soricinae and Crocidurinae evolved in different climatic regions and, consequently, use different energetic strategies (Genoud 1985) . The Soricinae evolved in a cold, seasonal climate and have relatively high basal metabolic rates and energy expenditure. In contrast, the Crocidurinae occur in a warm climate, and have relatively moderate metabolic rates and energy expenditure (Churchfield 1991; Genoud 1988) . These features should play a key role in shaping the mating strategies of shrews. Rychlik (1998) differentiated 4 social systems for shrews inhabiting regions that differ in climatic conditions and resource availability. Systems 1 and 2 were proposed primarily for Soricinae in temperate zones. The mating system described for both of these social systems was promiscuity. For the Crocidurinae in nontemperate zones, Rychlik (1998) proposed that in nonseasonal climates where resources are readily available throughout the year, reproduction occurs year-round, there is no territoriality, and the mating system is promiscuity (system 4). On the other hand, where climate and resource accessibility are seasonal, the reproductive activities of shrews would be seasonal, the formation of breeding pairs with territories is likely, and the mating system is monogamy (system 3).
Thus far, knowledge about mating systems of shrews has been concentrated on common species living in temperate areas (Balloux et al. 1998; Cantoni 1993; Cantoni and Vogel 1989; Hawes 1977; Simeonovska-Nikolova 2004) . For example, according to the spatial pattern and molecular evidence, the mating system of the common shrew (Sorex araneus) was determined to be promiscuity (Searle 1990; Searle and Stockley 1994; Shillito 1963) , and the mating system of greater white-toothed shrews (Crocidura russula) was monogamy (Bouteiller and Perrin 2000; Cantoni and Vogel 1989) . Based on patterns of space use and social behaviors, Crocidura leucodon was considered monogamous (Simeonovska-Nikolova 2004) , and Neomys fodiens was promiscuous (Cantoni 1993) . The mating systems of shrews also have been inferred from other approaches, such as examination of testis size (Parapanov et al. 2008b ) and sperm production (Parapanov et al. 2008a) . The mating systems of the above species agreed with Rychlik's model, whereas mating patterns of some species, such as Cryptotis parva, Crocidura flavescens, Crocidura olivieri, and Suncus murinus, contradicted predictions (Rychlik 1998) . The 2 social systems put forward for white-toothed shrews residing in subtropical and tropical regions have remained untested.
We investigated the mating system of a crocidurine in a subtropical region. The Asian lesser white-toothed shrew (Crocidura shantungensis), recently taxonomically distinguished from C. suaveolens, is distributed mainly in eastern Asia, including Taiwan, a subtropical area (Hutterer 2005; Jiang and Hoffmann 2001; Motokawa et al. 2003; Ohdachi et al. 2004) . In northwestern Taiwan, the weather is seasonal, alternating between wet and dry seasons. The dynamics of vegetation, insects, and small mammal populations correspond to seasonal changes (Shao 2000) . Considering these climatic conditions, the mating system of C. shantungensis in northern Taiwan is expected to fit social system 3 (monogamy with breeding pairs holding territories-Rychlik 1998). To test the hypothesis, 1st we evaluated whether the reproductive activity of adult female C. shantungensis exhibits seasonality, and coincides with precipitation. Second, we examined the spatial organization of individuals of C. shantungensis during the breeding season to reveal the social mating system of the species. We predicted that the home ranges of males would not differ in size from those of females, and that neither sex would show differences in the degree of home-range overlap with same-sex versus opposite-sex neighbors. Finally, we described the genetic mating system of C. shantungensis by determining parentage of population members and testing for multiple paternity within litters. We predicted that the frequency of litters with multiple paternity would be very low.
MATERIALS AND METHODS
Field site.-The study site was located in Guandu Nature Park along the north shore of the confluence of Jilong River and Damshui River (25u079N, 121u289E) in northern Taiwan. The subtropical climate had a mean annual precipitation of 2,091 6 330 mm 6 1 SE and mean monthly temperature of 22.3uC 6 1.5uC 6 1 SE, based on data obtained from the Damshui weather station (10 km north of study site) of the Central Weather Bureau of Taiwan. The wet season spanned March through September. The study site was a salt marsh with Poaceae as the dominant vegetation.
Trapping.-A grid with a total of 301 trapping stations on 14 transect lines was established to sample the shrew population in the salt marsh. Both transect lines and trapping stations along each transect were set at 10-m intervals, with odd-numbered lines offset from even-numbered lines by 5 m. The grid covered an area of 20,000 m 2 after including 10-mwide buffer edges. Trapping along odd-numbered (152 stations) and even-numbered (149 stations) lines alternated monthly. We placed 1 Ugglan trap (Ugglan special #2, length 3 width 3 height 5 25 3 8 3 6.5 cm; Grahnab, Hillerstorp, Sweden) baited with a mixture of oats, peanut butter, and live mealworms (Tenebrio) at each station. A paper bowl was placed in each trap to provide trapped shrews with protection from inclement weather. During each trapping session, we checked traps in the morning and late afternoon for 3 consecutive days. We trapped monthly from January to December 2006 to monitor population dynamics. To obtain information on spatial patterns of C. shantungensis during the peak reproductive season, we trapped every 2 weeks during the period of mid-March to mid-July. Traps were locked open and remained at stations between sessions during this period.
Shrews captured for the 1st time were marked with a unique toe-clip combination and released immediately after recording individual information (station, identification, weight, sex, reproductive status, and body condition). We determined the sex of shrews by the presence of a penis or nipples. Females that were pregnant (determined by palpation) or lactating (with enlarged teats) were regarded as reproductively active. Clipped toes were preserved in 80% alcohol in the field and later stored at 220uC in the laboratory for subsequent molecular analyses. Sex was later confirmed using Ychromosome primers, sry HMG box (Brandli et al. 2005; Matsubara et al. 2001) , which indicated that we determined sex correctly for 98% of individuals in the field. All research protocols on live animals followed guidelines approved by the American Society of Mammalogists (Gannon et al. 2007) .
Analysis of spatial patterns.-The spatial organization of resident C. shantungensis was determined from the capture locations during the peak reproductive season. Residents were defined as shrews that had been captured during !2 nonconsecutive biweekly trapping sessions (Churchfield et al. 1995; Lee 2001; Ohdachi 1992) . Individuals with an interval between captures longer than 3 months were excluded because they were likely nomadic. All locations of captures during the 8 trapping sessions for residents were included in the spatial analyses.
Eight parameters were calculated to describe the spatial patterns of resident C. shantungensis representing 2 spatial components, size and overlap of home range. We used 4 measures of home-range size. The 1st was maximum range length (the maximum distance between capture locations of a resident). The 2nd was 100% minimum convex polygon (MCP) home-range area. Individuals with home-range sizes of 0 were excluded from statistical analyses. The 3rd was 50% fixed-kernel core (FKC) area. We used lease-squares crossvalidation as the bandwidth (Seaman and Powell 1996) . The 4th was mean square distance of trapping locations from the activity center (Slade's r 2 -Slade and Russell 1998). The first 2 parameters were chosen to be compatible with other spatial studies of shrews (Hawes 1977; Inoue 1988 Inoue , 1991 Kollars 1995; Rood 1965) . We reported the FKC area size because it would yield a more realistic home range with smaller variation than other home-range estimators (Powell 2000) , whereas Slade's r 2 was unbiased with regard to sample size (Slade and Russell 1998) . Because sizes of both MCP and FKC home ranges are affected by sample sizes (Powell 2000; Seaman et al. 1999) , we consider these size estimates to be relative indices of space use rather than absolute estimates of homerange size. Maximum range length and Slade's r 2 were processed with ArcGIS 9.1 (ESRI Inc., Redlands, California [Hawth's Analysis Tools for ArcGIS-Beyer 2004] ). The 100% MCP and 50% FKC areas were processed with Ranges VI (Kenward et al. 2002) .
Overlap of home ranges was evaluated 4 ways. We estimated degree of MCP home-range overlap, which was the percentage of a home range that overlapped with neighbors calculated using 100% MCP areas; degree of FKC homerange overlap, which was the percentage of a home range that overlapped with neighbors calculated using 50% FKC areas; distance between the activity center (DAC) of a resident shrew and that of its nearest neighbor (Hayne 1949) ; and the number of individuals with home ranges overlapping a given resident (Wu and Yu 2004) . We examined this last index for both the 100% MCP area and the 50% FKC area. For each resident shrew, all 4 indices were calculated for same-sex and opposite-sex neighbors. The DAC index was processed with ArcGIS 9.1, and the other 3 indices were processed with Ranges VI.
Statistical analyses.-Population sizes were estimated by the minimum number known alive method. The correlation between precipitation and the percentage of females that were reproductively active was analyzed with the Spearman rank correlation. The differences between males and females for the spatial parameters were examined with Mann-Whitney U-tests performed using SYSTAT 11 (SYSTAT Software Inc., Richmond, California). All data are presented as mean 6 1 SE.
Molecular techniques and genotyping.-We used microsatellite markers to assess genetic relationships among individuals, both residents and transients, that were trapped during February-September 2006. The sampling efforts were extended beyond the peak reproductive season (mid-March-midJuly) to include the few individuals demonstrating reproductive activities that started early or ended late. Overall, about 50% of the population captured during February-September was selected for genetic analyses. The selected individuals included residents during the reproductive peak and nonresidents that had been captured multiple times. For analyses of multiple paternity, we collected fetuses aborted in the traps or from pregnant females that died in the traps from May 2005 to June 2007. Fetuses were preserved in 80% alcohol and stored at 220uC before DNA extraction. Overall, we collected fetuses from 23 litters.
Polymerase chain reactions.-The extraction of DNA from toe and fetal tissues was performed with Genomic DNA Mini Kit (BIOMAN, Taipei, Taiwan). For Y-chromosome primers, sry HMG box, polymerase chain reaction samples contained 0.8 mg of DNA, 1X polymerase chain reaction buffer, 3 mM of MgCl 2 , 0.2 mM of deoxynucleoside triphosphates, 0.2 U of Taq, and 0.25 mM of each primer for a total volume of 10 ml for each sample. Polymerase chain reaction consisted of a touchdown program modified from the original protocol (Brandli et al. 2005) . To confirm the sex of each sample, the discernment of Y-chromosome primers was verified by the absence of amplification products (molecular size 155 base pairs [bp]) in females. A high-molecular-sized standard (about 500 bp) was included as a positive control to assure that polymerase chain reaction runs were successful.
Among the 22 microsatellite loci we tested, 8 were polymorphic and applicable for C. shantungensis. They were Cs25, Cs40, Cs43, Cs50, Cs71, and Cs73, which represent crossamplification from primers developed for C. suaveolens (Calmet et al. 2004) , and locus Cr3 and Cr45 developed for C. russula (Duarte et al. 2003; Favre and Balloux 1997) . We analyzed the 8 microsatellites in multiplex polymerase chain reaction conditions modified from the protocols as described in the original studies (Calmet et al. 2004; Duarte et al. 2003; Favre and Balloux 1997) . Each 10-ml reaction included 1X polymerase chain reaction buffer, 1.5 mM of MgCl 2 , 0.2 mM of deoxynucleoside triphosphates, 0.5 U of Taq, 0.8 mg of DNA, and 0.25 mM of each primer. Polymerase chain reaction products were sequenced on a MegaBASE 500 automated sequencer (Amersham Biosciences, Pittsburgh, Pennsylvania). ET-400
Size Standard (Amersham Biosciences) was used as size marker to determine the allele sizes. Genotypes of individuals were scored with Genetic Profiler 2.0 (Amersham Biosciences).
Parentage assignment within the population.-We used CERVUS 3.0 (Kalinowski et al. 2007; Marshall et al. 1998 ) to test for Hardy-Weinberg equilibrium and presence of null alleles, and FSTAT version 2.9.3 (Goudet 2001) to test for the existence of linkage disequilibrium. Genetic relationships among sampled individuals were analyzed with CERVUS 3.0 by a stepwise parentage assignment method. First, all sampled females were presented as candidate mothers, and all samples were treated as offspring. Females with an LOD score (the natural log of the overall likelihood ratio) ! 3 for any given offspring were assumed to be potential mothers (Slate et al. 2000) . Next, all sampled males were presented as candidate fathers and a most likely father was assigned to each motheroffspring pair. Again, the LOD score for the offspringmother-father trio had to be !3. When multiple parental candidates emerged, the following criteria were applied to choose the most likely parents for each offspring (Carpenter et al. 2005; Kyle et al. 2007; Nielsen and Nielsen 2007; Wu et al. 2006) . First, we examined the time sequence of captures, and excluded potential parents that occurred in the population later than the offspring. Second, the difference in LOD scores (DLOD) between the most likely candidate parent and the 2nd most likely candidate parent had to be statistically significant. Third, loci mismatching had to be 1 locus. All CERVUS analyses were based on a simulation of 10,000 cycles, assuming 3 candidate parents with 50% parental sampling and 1% genotyping error rate. The CERVUS simulation indicated 49% and 61% assignment success rates for mothers at the strict (95%) and relaxed (80%) confidence levels, respectively; and 45% and 61% assignment success rates for fathers at the strict and relaxed confidence levels, respectively, when the mothers were known.
Multiple paternity within litters.-Fetuses were genotyped at 7 microsatellite loci (the 8 loci described above except Cs40) to assess the minimum number of sires within a litter. Multiple paternity within a litter was assumed if the minimum number of paternal alleles observed at a locus was .2 (Bryja and Stopka 2005; Morrison et al. 2002; Solomon et al. 2004) .
RESULTS
Population characteristics.-We captured 508 C. shantungensis 1,255 times during 2006. Monthly capture rates were 12 6 0.9 shrews captured per 100 trap-nights. Population density was 41 6 5 shrews per hectare per month. Low phases of the population occurred in summer (June-August) and winter (December-January), respectively. The population peaked in late autumn (October-November) and late winter (February). Mean population density was 158 shrews per hectare per month during March to July. The percentage of females that were obviously pregnant or lactating coincided with monthly precipitation in 2006 (Spearman rank correlation, n 5 12, r s 5 0.85, P ,0.05), and peaked in June and September (Fig. 1) .
During the intensive trapping sessions from mid-March to mid-July when we assessed spatial relationships among individuals, we captured 106 females and 137 males. Among them, 17 females and 23 males were identified as residents based on the set criteria. During February-September when we assessed genetic relationships among individuals, we captured 136 females and 197 males.
Spatial patterns.-The residents averaged 6 captures per individual during the 8 intensive trapping sessions. All capture locations were included in the spatial analyses. Visual inspection of resident home ranges showed that the spatial patterns expected for monogamy (1 male overlaps with 1 female), polygyny (1 male overlaps with multiple females), polyandry (1 female overlaps with multiple males), and promiscuity (both males and females overlap with multiple individuals of the opposite sex) all appeared in the study population (Fig. 2) . However, statistical analyses of spatial parameters deciphered the spatial patterns clearly.
Males had significantly larger home ranges than females, as indicated by all home-range indices except the MCP home range, which was marginally significant ( Table 1 ). The sizes of MCP home ranges of all females were 300 m 2 . Although some males had home ranges similar to those of females, others held larger home ranges (.300 m 2 ). Patterns of home-range overlap differed between males and females. Based on either 100% MCP or 50% FKC home ranges, resident females, but not males, used home ranges that overlapped with more opposite-sex than same-sex individuals (Table 2) . Similarly, a greater percentage of the home range of resident females, but not males, overlapped with opposite-sex than same-sex neighbors (Table 3 ). The degree of home-range overlap with male versus female neighbors was not different for male C. shantungensis (Tables 2 and 3) . Likewise, for the DACs of nearest neighbors, the distances were greater with opposite-sex than same-sex nearest neighbors for resident females, but not males (Table 3) .
Genetic patterns.-Polymorphism of the 8 microsatellite loci ranged from 4 to 11 alleles, with an average of 6.5 alleles per loci. None of the allele frequencies deviated from HardyWeinberg equilibrium, except that of locus 3 from C. russula (Cr3). No loci had null alleles (Table 4) , and no linkage disequilibrium occurred between any pairs of loci (critical Pvalue 5 0.0018 with Bonferroni correction). Thus, we used all 8 microsatellite loci in the genetic analyses.
Genotypes were determined for 183 shrews that were captured during February-September, including 40 residents and 143 transients, with 72 females and 111 males. We were able to construct 20 family pedigrees based on the parentage assignment, 12 families with 95% confidence limits and 8 families with 80% confidence limits. The pedigrees revealed that spatial proximity (i.e., DAC , 50 m) of male and female parents occurred in only 25% of constructed pedigrees. In addition, 3 females and 1 male mated with different mates and produced offspring successfully during February-September 2006. Details of the reconstructed family pedigrees and their associated spatial distribution were reported elsewhere (Lin 2008) .
Overall, 23 litters were collected from March 2005 to July 2007. The average litter size was 3.0 6 0.15 fetuses per litter (range 5 2-4 fetuses per litter). Genetic analysis was performed on 19 litters. We found mother-offspring genotype mismatching in 1 litter, which we excluded from paternity analysis. The remaining 18 litters were analyzed for minimum number of sires.
The results showed that 5 litters (28%) had multiple paternity. The minimum number of sires provides a conservative estimate of multiple paternity. Because any given alleles of offspring could come from either the father or mother, the number of incidences of multiple sires would increase under some allele assignment scenarios. For example, say we found the genotypes of mother and her 3 offspring were AB, AC, AB, and AB, respectively, at a given locus. If allele A of all offspring came from mother, then the remaining alleles, C, B, and B would come from 1 or 2 fathers. If the alleles came from mother were A, B, and A, respectively, then the remaining alleles, C, A, and B would come from 2 or 3 fathers. With such scenarios, there were 15 offspring that potentially had a 3rd parental allele that could have come from multiple sires. These instances were not regarded as evidence for multiple paternity in our study. Were the 15 instances included, the count for multiple paternity would be as high as 10 litters (56%).
DISCUSSION
We investigated the social and genetic mating system of the Asian lesser white-toothed shrew in northern Taiwan. In our study site, availability of resources, including vegetation and insect abundance, showed seasonal changes (Shao 2000) , and the onset of reproduction of the population of C. shantungensis coincided strongly with precipitation (Fig. 1) . Few females reproduced during the dry season, but the level of reproductive activity was relatively high during the wet season. Such a reproductive pattern was consistent with that of a population inhabiting a dry grassland in southern Taiwan (Kang 2005) . That study together with our research indicated that C. shantungensis in subtropical Taiwan is a seasonal breeder with high reproductive rates during the wet season. Rychlik (1998) proposed that under warm climatic conditions with seasonal resource availability, the formation of breeding pairs with territories was likely to arise for crocidurines, and the mating system would be monogamy. However, our results indicated that C. shantungensis did not form monogamous pairs during the breeding season, and did not support this hypothesis. Both sexes of a monogamous pair often share a common home range. If territorial, both sexes would likely codefend the home range against conspecific intruders (Rathbun and Rathbun 2006) , which would minimize the sex differences in home-range sizes (Gaulin and Fitzgerald 1988) . Home-range overlap would be extensive between sexes of a monogamous pair, whereas overlap with all other individuals would be minimal (Lambin and Krebs 1991; Munshi-South et al. 2007; Rathbun and Rathbun 2006) . On the other hand, males of polygynous species would be expected to have significantly larger home ranges than females during breeding season. Males enlarge their home ranges to include multiple females, hence, more mating opportunities (Shier and Randall 2004) . In a promiscuous mating system, relatively high mobility would be expected for both sexes (Endries and Adler 2005) , and spatial overlap between individuals of promiscuous species should be extensive for both sexes (Begg et al. 2005) . The mating strategy does not need to be a fixed trait. For example, apparently monogamous males often enlarged their home ranges to include more females (Cantoni and Vogel 1989; Lambin and Krebs 1991; Rathbun and Rathbun 2006) , resulting in a pattern of spatial organization resembling that of polygyny (Asher et al. 2004; Lambin and Krebs 1991; Munshi-South et al. 2007 ).
The dispersion of resident C. shantungensis showed that they avoided the central area of the study site (Fig. 2) . The central area was dominated by reeds, with sparse ground cover and frequent flooding, which was avoided by C. shantungensis in a previous study (Lee 2001) . Although it resulted in an uneven spatial arrangement, the spatial organization of C. shantungensis did not show the pattern expected for a monogamous species. The home ranges of male C. shantungensis were nearly twice as large as those of females (Table 1) , and overlapped extensively with both opposite-sex and same-sex individuals (Tables 2 and 3 ). The degree of home-range overlap with male versus female neighbors was not different for males. In contrast, the home ranges of females overlapped to a greater extent with opposite-sex than same-sex individuals (Tables 2 and 3 ). The patterns suggested that female shrews exhibited intrasexual territorial behavior, whereas males did not exclude either same-or opposite-sex neighbors. Such patterns resembled what would be expected in polygynous and promiscuous mating systems (Bubela and Happold 1993; Wu and Yu 2004) . However, overlap between ranges of individual C. shantungensis was not as extensive as one would expect in promiscuous mating systems (Begg et al. 2005; Kraus et al. 2003) . Although estimates of home-range size are likely biased by relatively small numbers of recaptures (Powell 2000; Seaman et al. 1996) , comparison of relative home-range size between sexes and patterns of overlap among individuals support the conclusion that the social mating system of the Asian lesser white-toothed shrew in northern Taiwan is consistent with polygyny. The genetic analyses provided further insights into the mating system of C. shantungensis. Only 25% of sampled male and female parents in the pedigrees we constructed were in close spatial proximity to each other (within 50 m), which suggested that most female shrews mated with nonneighbor resident or transient males. In addition, 3 females and 1 male mated with different partners during the breeding season, indicating that both sexes could change partners within a short period of time. Neither of these behaviors was expected for monogamous species. On the other hand, we didn't find any genetic evidence that 1 male mated with multiple females that in turn were mated by that male only, which would indicate genetic polygyny. Furthermore, some female C. shantungensis in the population mated with multiple males within 1 breeding season. In support of this observation, we found that among the 18 litters we genotyped, at least 5 (28%) indicated multiple paternity, and the frequency could be as high as 10 (56%) litters. Westneat and Stewart (2003) did not find correlations between social mating systems and the frequency of multiple paternity in birds. That is, species with monogamous social mating systems do not necessarily have lower frequencies of multiple paternity than species with polygynous or promiscuous mating systems. Based on a survey of the literature, the frequency of multiple paternity for mammalian species estimated using microsatellite markers was 25-80% for socially promiscuous small mammals (Baker et al. 1999; Burton 2002) , 47-88% for socially polygynous species (Kennis et al. 2008; Nielsen and Nielsen 2007) , and 0-56% for socially monogamous species (Bouteiller and Perrin 2000; Goossens et al. 1998; Munshi-South 2007; Shurtliff et al. 2005; Solomon et al. 2004) . These ranges excluded studies using other types of genetic markers because they tended to underestimate the frequency of multiple paternity (Asher et al. 2004; Boellstorff et al. 1994; Hanken and Sherman 1981; Ribble 1991; Searle 1990; Stockley et al. 1993; Topping and Millar 1998; Zenuto et al. 1999) . Similarly, there was no clear relationship between social mating system and the frequency of multiple paternity in mammals, although the number of studies available for analysis was low. Nevertheless, the observed frequency (28%) of multiple paternity in C. shantungensis was at the lower bound for socially polygynous or promiscuous species, or both, and intermediate for socially monogamous species. Overall, our results suggested that the genetic mating system of C. shantungensis was consistent with promiscuity.
We documented 1 litter with mother-offspring genotype mismatching, that is, the genotype of a fetus did not match that of its mother. After reextracting DNA and regenotyping 5 times, we confirmed that the result was not a genotyping error, and probably came from microsatellite mutation. Microsatellites could mutate at a high rate (Dallas 1992) , and there are several examples of mutations that caused mismatching between a parent and its offspring (Burton 2002; Dean et al. 2006 ).
Before the current study, our knowledge of genetic mating systems in shrews was based on only 2 species, S. araneus and C. russula, both of which live in temperate climatic conditions. The common shrew (S. araneus) is both socially and genetically promiscuous (Searle and Stockley 1994) . Cytogenetic and DNA fingerprinting analyses revealed that a particular litter can be sired by up to 6 males, which may be a strategy by females to avoid inbreeding (Searle and Stockley 1994) . Furthermore, Stockley et al. (1993) found that males adopted 2 different mating tactics. Some males occupied relatively small exclusive ranges, and made repeated longdistance movements to visit females, whereas others established large overlapping ranges in areas of relatively high density of females during the breeding season. In contrast, the greater white-toothed shrew (C. russula) is socially monogamous (Cantoni and Vogel 1989) . However, molecular evidence suggested that some individuals exhibited sequential polygamous behaviors during the breeding season, but no litters with multiple paternity were documented (Bouteiller and Perrin 2000) .
The C. shantungensis in northern Taiwan where the climate and resources changed seasonally did not develop a pronounced monogamous mating system as Rychlik (1998) hypothesized. Several characteristics of the study population could contribute to the polygynous-promiscuous mating system that we observed. The mean population density in the study area was 158 shrews per hectare during March-July, which was higher than many shrew populations that have been studied (Buckner 1969; Cantoni 1993 ; Churchfield 1991; Hays and Lidicker 2000; Kollars 1995; Ohdachi 1992; Shchipanov et al. 2001; Simeonovska-Nikolova 2004) , and a majority of the individuals we captured were transients. Furthermore, the sex ratio at the onset of the breeding season was male-biased. Those population characteristics provided a circumstance in which multiple mating by females would be more likely than otherwise (Emlen and Oring 1977; Nielsen and Nielsen 2007; Reynolds 1996) . Various benefits of multiple mating by females have been shown (Morrison et al. 2002) , such as increasing genetic diversity (Calsbeek et al. 2007; Cohas et al. 2007b) or survival of offspring (Cohas et al. 2007a; Stapleton et al. 2007) . It also could confuse paternity to reduce the likelihood of infanticide (Klemme et al. 2008; Ostfeld 1990) . Few field studies have documented the social mating systems of shrews, and even fewer revealed the genetic mating systems. Although the distribution of resources in time and space seem to favor a monogamous mating system for C. shantungensis (Rychlik 1998) , our results indicated otherwise. Ecological or demographic factors, such as population density and sex ratio, that were not included in the model could influence mating systems in shrews. Future studies that manipulate environmental factors or compare populations inhabiting different habitats would provide insights about the variability in shrew mating systems.
